Stress affects multiple organs in the body in addition to the brain including the liver. We aimed to assess the effects of blocking N-methyl-D-aspartate (NMDA) glutamate receptors by memantine on the liver in acute and repeated restraint stress. Forty two male albino rats divided into seven groups; control, Acute restraint stress (ARS), ARS+memantine, repeated restraint stress, repeated restraint +memantine and positive control groups. We measured serum iron, zinc, alanine transferase and Aspartame transferase, hepatic malondialdehyde, tumor necrosis factor-alpha (TNF-α), glutathione peroxidase, Superoxide dismutase, metallothionein content, zinc transporter ZRT/IRT-like Protein 14 mRNA expression, hepcidin expression. We had a histopathological evaluation by histological staining and immunostaining for glial fibrillary acidic protein and synaptophysin expression as markers of hepatic stellate cells (HSCs) activation. Both ARS and repeated stress increased markers of hepatic cell injury, oxidative stress, and HSCs activation. Blocking NMDA by Memantine offered hepatoprotective effect in acute and repeated restraint stress and decreased hepatic cell injury, oxidative stress, and HSCs activation.
There are peripheral glutamate receptors in the liver; as hepatocytes express mGlu5 receptors and activation of these receptors by endogenous glutamate facilitates the development of hypoxic damage (Storto et al. 2000) . Nmethyl-D-aspartate (NMDA) receptors are well studied in acute injury due to hyperammonemia in hepaticencephalopathy as ammonia stimulates astrocytes that activate NMDA receptors. The stimulation of ammonia-induced NMDA receptors lowers antioxidant enzyme activity and increases the oxidative stress (Görg et al. 2013 ).
In the current study, we explored the effects of acute and repeated restraint stress on the liver and the impact of blocking NMDA receptors by the memantine (the uncompetitive NMDA receptor antagonist) on the markers of hepatocellular injury, oxidative stress, and hepatic stellate cells (HSCs) activation. D r a f t standard laboratory chow and water, housed in cages (3 rats/cage), habituated to laboratory environment for one week and divided into the following groups (6 rats/group): -Group I (control): Received distilled water per oral (p.o).
-Group II; acute restraint stress (ARS) group. Exposed to ARS through restraining the rats by tightly tying all four limbs to a grid using a quartz-pasted tape ( Group VIa: received Memantine for eight days.
Group VIb: received Memantine for 15 days.
In group III and V : The pretreatment time by memantine started one week before stress exposure (with the start of habituation to experimental environment) and treatment continued throughout the experimental period until scarification. At the end of the experimental period of stress induction and drug administration animals were anesthetized by ether inhalation, and blood samples collected from retro-orbital venous sinuses for biochemical measurement of serum iron, zinc, alanine transferase (ALT) and Aspartame transferase (AST). Then liver were specimens removed by a ventral midline incision for biochemical measurements: hepatic malondialdehyde (MDA), tumor necrosis factor-α (TNF-α), glutathione peroxidase (GPX), Superoxide dismutase (SOD), metallothionein (MT) content, zinc transporter ZRT/IRT-like Protein 14 (ZIP14) mRNA expression and hepcidin expression. In addition to histopathological evaluation by histological staining and immunostaining for glial fibrillary acidic protein (GFAP) and synaptophysin expression. 
B) Determination of liver functions
Serum ALT and AST were determined enzymatically using commercially available kits (Bioclin, Santa Coloma, Spain).
C) Measurement of MDA
Tissue MDA was determined using the thiobarbituric acid reactive substance assay, according to Wills (1987).Briefly; a tissue specimen of 0.1 g was homogenized in 0.15 mol KCl at a ratio of 1-9 ml with a glass homogeniser. One volume of homogenate was mixed with two volumes of a stock solution of 20% w/v trichloroacetic acid, 0.375% w/v thiobarbituric acid and 0.25 mol hydrochloric acid. The solution was heated for 15 min in a boiling water bath. After cooling, the precipitate was removed by centrifugation at 1000 g for 10 min.
The absorbance of the clear supernatant was determined at 535 nm and MDA concentration calculated using the standard curve. The cDNA was synthesized from 1 µg RNA using SuperScript III First-Strand Synthesis System as described in the manufacturer's protocol (Invitrogen, Life Technologies). In brief, one µg of total RNA mixed with 50 µM oligo (dT)20, 50 ng/µL random primers, and ten mM dNTP mix in a total volume of 10 µL. The mixture incubated at 56 °C for 5 min, then placed on ice for 3 min. The reverse transcriptase master mix containing 2 µL of 10× RT buffer, 4 µL of 25 mM MgCl2, 2 µL of 0.1 M DTT, and 1 µL of SuperScript® III RT (200 U/µL) added to the mixture and incubated at 25 °C for 10 min followed by 50 min at 50 °C.
c. Real-time quantitative PCR
The relative abundance of mRNA species was assessed using the SYBR Green method on an ABI prism 7500 sequence detector system (Applied Biosystems, Foster City, CA). PCR primers (shown in Table 1 
III-Histopathological Measurements:
The removed liver specimens were fixed in 10% formol saline for 48 hours. Paraffin blocks were prepared then sections were cut with thickness of 5µm and have been subjected to the following studies: 
B) Morphometric Study:
Using Leica Qwin 500 LTD computer-assisted image analysis (Cambridge, UK) assessment of the area of degenerated hepatocytes was performed using interactive measurements menu. Also, the area% of collagen fibers, that of synaptophysin +ve immunoexpression and that of GFAP+ve immunoexpression were measured using binary mode. The measurements were done in 10 high power fields in experimental groups.
IV-Statistical analysis:
Quantitative data were summarized as means and standard deviations and compared using one-way analysis-ofvariance (ANOVA). ANOVA was followed by Bonferroni post-hoc test to detect which pairs of groups caused the significant difference. P-values <0.05 were considered statistically significant (Emsley et al. 2010).
Calculations made using SPSS software 21. A significant increase (p value ≤.05) of serum of ALT and AST in acute and repeated stress groups compared to control. Memantine administration with stress significantly decreased (p value ≤.05) serum ALT and AST compared to stressed groups that didn't receive the drug, however, levels were significantly increased (p value ≤.05) compared to control. Serum iron was significantly decreased (p value ≤.05) in acute and repeated stress groups compared to control. Memantine therapy with stress exposure resulted in significant increase (p value ≤.05) in serum iron compared to corresponding stress group, but the serum iron level in these groups still significantly decreased (p value ≤.05) compared to control group. Furthermore; serum zinc significantly decreased (p value ≤.05) in stressed groups compared to control. Stressed groups treated with memantine showed a significant increase (p value ≤.05) of serum zinc compared to corresponding stress group. In ARS only memantine therapy with stress restored the serum zinc level to normal control level. We also found a significant increase (p value ≤.05) of hepatic hepcidin and ZIP14 relative expression in stressed groups compared to control group. Memantine therapy with stress caused a significant decrease (p value ≤.05) of hepatic hepcidin and ZIP14 relative expression compared to corresponding stress group, however, the expression still significantly increased (p value ≤.05) compared to control group. Moreover; there was a significant decrease (p value ≤.05) of hepatic SOD and GPX content in acute and repeated stress groups compared to control. Memantine therapy with stress exposure resulted in significant increase (p value ≤.05) of hepatic SOD and GPX compared to corresponding stress group, but the hepatic SOD and GPX in these groups still significantly (p value ≤.05) decreased compared to control group.
There was a significant increase (p value ≤.05) of hepatic TNF-α and MDA content in stressed groups compared to control. Memantine therapy with stress caused a significant decrease (p value ≤.05) of hepatic TNF-α, and MDA compared to corresponding stress group, however, it didn't restore the values back to normal.
We also showed a significant increase (p value ≤.05) of hepatic metallothionin relative expression in stress groups compared to control. Memantine therapy with stress caused a significant increase (p value ≤.05) of hepatic D r a f t metallothionin relative expression compared to corresponding stress group; however only in ARS memantine restored hepatic metallothionin relative expression to control level.
II-Histopathological results:
Examination of H&E stained liver sections of ARS group revealed large and small areas of lost architecture (Fig.1a) . These areas contained many pale hepatocytes and multiple hepatocytes with basophilic cytoplasm around congested veins. Multiple Kupffer cells were noticed (Fig.1b) . In ARS+Memantine group; occasional small areas found with lost architecture. Congested veins were seen in and around the mass (Fig.1c) . These areas demonstrated multiple vacuolated hepatocytes with dark nuclei and some hepatocytes with pale cytoplasm in addition to congested veins in and around the masses (Fig.1d) . In repeated stress group; extensive areas of lost architecture were found, each constituting a mass of residual hepatocytes (Fig.2a) . Cellular debris was detected surrounding a mass of hepatocytes with nuclear margination (Fig.2b) . In repeated stress+memantine group; only localized areas of lost architecture were noticed (Fig.2c) . In Memantine groups normal architecture was seen, only congested veins were detected (Fig.2d) .
In Masson's trichrome stained sections, control sections revealed dense collagen fibers in portal areas (Fig.3a) . In ARS group, some portal areas were found where the dense collagen fibers were extending among the surrounding hepatocytes (Fig.3b) . In ARS +memantine group; thick collagen fibers localized to the portal areas (Fig.3c) . In repeated stress group, extensive collagen fibers were seen in multiple portal areas extending among the hepatocytes. Obviously, congested veins were evident (Fig.3d) . In repeated stress+memantine group; dense collagen fibers observed in portal areas with minimal extension among the surrounding hepatocytes (Fig.3e) . In memantine group, dense collagen fibers appeared restricted to some portal areas (Fig.3f) . Less congested veins were evident in repeated stress+memantine, in addition to memantine groups (Figs.3e and 3f ).
*Immunohistochemical Results: A) GFAP immunostaining
Negative immunostaining noticed in liver sections of control and memantine group (Figs.4a and 4f) . In ARS group, multiple +ve cells were detected among the hepatocytes, while in ARS + memantine group only fewer +ve cells were observed compared to the previous group (Figs.4b and 4c) . Many +ve cells were apparent in repeated D r a f t stress group compared to ARS group, while in ARS +memantine group only some +ve cells were evident compared to RS group (Figs. 4d and 4e) .
B) Synaptophysin immunostaining
Negative immunostaining was noticed in liver sections of control and memantine groups (Figs.5a and 5f) . In ARS group, multiple +ve cells detected among the hepatocytes surrounding some portal areas, while in ARS + memantine group only fewer +ve cells were observed compared to the previous group (Figs.5b and 5c ). More numerous +ve cells were apparent in repeated stress group surrounding multiple portal areas compared to ARS group, while in repeated stress + memantine group only some +ve cells were evident compared to repeated stress group (Figs. 5d and 5e ).
C) Morphometric Results:
As shown in Table (3): i-Area of foci of lost architecture and Area% of collagen fibers:
The mean area (µ 2 ) of foci was measured in hematoxylin and eosin stained liver sections. In ARS and repeated stress groups, a significant increase (p <0.05) was recorded compared to control. On the other hand, a significant increase (p <0.05) was found in repeated stress group compared to ARS group. Memantine administration with stress significantly decreased area of foci with lost architecture compared to corresponding stress group.
ii-Area% of collagen fibers:
The mean area% of collagen fibers was measured in Masson's trichrome stained sections. In ARS and repeated stress groups, a significant increase (p <0.05) was recorded compared to control, Memantine administration with stress significantly decreased area% of collagen fibers compared to corresponding stress group.
iii-Area %of GFAP and Synaptophysin immunoexpression:
The mean area % of GFAP and synaptophysin immune expression was measured in GFAP immunostained liver sections. In ARS and repeated stress groups, a significant increase (p <0.05) was recorded compared to control.
D r a f t
On the other hand, a significant increase (p <0.05) was found in repeated stress group compared to ARS group.
Memantine therapy significantly decreased GFAP and synaptophysin expression compared to corresponding stress groups.
It worth noting that the % change for most of the measured biochemical and histological parameters revealed that the insult was more in repeated stress group as shown by higher % change compared to control. Percent change in groups treated by memantine with stress exposure -compared to corresponding stress group-was higher in repeated stress+memantine group than ARS+memantine group for most of the measured biochemical and histological parameters.
-DISCUSSION:
Restraint stress increases the risk of many diseases due to oxidative damage to DNA, proteins, and lipids, which are catalyzed by reactive oxygen species (Buijsse et al. 2007 ). The liver is one of the affected organs by the negative impact of restraint stress exposure and in this work we investigated the effect of memantine administration on the markers of hepatic cell injury, oxidative stress, and HSCs activation.
We have showed previously that ARS and repeated stress increased serum cortisol, IL-6 and TNF-a compared to control group and Memantine therapy with exposure to ARS or repeated restraint stress decreased serum cortisol, IL-6 and TNF-a compared to ARS and repeated restraint groups respectively (Amin et al 2015).
Reactive oxygen species (ROS) generated during cell metabolism have harmful effects on cells (Tiebosch 2014).
Pre-oxidation of lipid by free radicals produce end product called MDA which is a marker for oxidative stress Memantine also decreased the glycogen depletion in rats exposed to cold stress ( recommended to evaluate the approximate time needed to revert the insult induced by repeated restraint stress and makes the measured parameter closer to those in the control group.
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